SECTION 8.5
OFF-RCAD RECREATIONAL VEHICLES
SNOWMOBILES & FOUR-WHEEL DRIVE VEHICLES
(Updated - April 1994)

CATEGORY OF EMISSION SOURCE NUMBERS AND DESCRIPTION

47514 Recreational . Off-Road Motor Vehicles . Gasoline-Combustion .
Snowmobiles |

54411 Recreatioha] . Off-Road Motor Vehicles . Gasoline-Combustion .
Four-Wheel Drives

EMISSION INVENTORY CODES AND DESCRIPTION

850-870-1100-0000 Snowmobiles
850-870-11006-0000 Four-Nhee],Drive_Vehic]es
METHOD DESCRIPTION

These categories are used to inventory the combustion emissions from
snowmobiles and the recreational off-road use of four-wheel drive vehic]es._-’m;efeﬁﬁf
- The results of this inventory are presented in Table I (CES 47514) and

Table II (CES 54411). :

1

The number of registered four-wheel drive vehicles by county are avei1ab1e
from the Department of Motor Vehic]es.1 A number of the vehicles used
solety for off-road recreation are not registered. In 1977, Tyler Research -
Associates2 conducted a study for Caltrans to determine: 1) the relationship
between the number of registered off-road vehicles and the actual number of
off-road vehicles in use, and 2) the average fuel consumptien per vehicle by
month. The results of this study, particularly the correction factors to
estimate actual vehicle population from the registered population
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(Table III) and the gasoline consumption rates in gallons/vehicle (Table IV)

are used for this inventory. The correction factor for four-wheel drive .

vehicles is a weighted average of the Figurés.for dune buggies and

miscellaneous four-wheel vehicles. The emission factors for four-wheel

drive vehicles are presented in Table V.

TABLE III

Correction Factar to Estimate Actual Vehicle Populatien
from the Registered'Pepu]ationz

Correction Factor

Vehicle Type

Four-wWheel Drive Vehicles 5.81
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MontH

January
February
March
Apri]
May

June
July
August
September
October
November
December

Annual Consumption

TABLE 1V
Four-Wheel Drives

Gasoline Consumption Rates
(Galions/Vehicle)

Gallons/Vehicle

9.38
- 10.18
8.93
9.76
9.06
6.87
8.18
6.47
8.27
8.16
11.01
9.19

105.46

TABLE V

Summary of Emission Factors for Four-Wheel Drive Vehicles

(1b/1000 gallons)

€0 MNOx  SOx T06  PM

Four-Wheel Drive Vehic?es_ 1,100 66 2.5 110 8.2
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According to a 1977 study by U.C. Davis,3 snowmobiles are used in 25

counties of the state. The percentage of the total statewide snowmabile
usage in each county was established (see Table III) and used to distribute
the statewide snowmobile fuel wuse to 25 counties. Statewide fuel use for
four-wheel drive vehicles is allocated to the counties according to the
number of four-wheel drive vehicles registered.

The emission factors for snowmobiles are derived from the snowmobiles
manufactures tests on eight 1986 model year engines, two each from the four
snowmobile engine manufacturers. Based upon the test data, International
Snowmobile Industry Association (ISIA) submits that the following emission
factors are representative for purposes of establishing a snowmobile
emissiom.base]ine.4 The unit "Bhp-hr" is an abbreviation for "Brake
horsepower-hour"”.

T0G + NOx co
g/Bhp-hr g/Bhp-hr
216 ' 564

TOG 95% x 216 = 205.2
NOx 8% x 216 = 10.8

The TOG + NOx emission factor is divided into TOG and NOx with a 95% and 5%
split respectively. The PM emission factor is from Booz-Allen -and Hamilton
(BAH)5 and the SOx emission factor is determined by ARB staff as the ratio
of PM emissions to SOx emissions from the 1987 snowmobile emission
inventory.

i 30x
g/Bhp-hr g/Bhp-hr
2 .006
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The population of four-wheel drive vehicles was extrapolated between 1987
and 1991 based on DMV population estimates for 1987 and 1989. The increase
in population from 1987 and 1989 was 35.56%, so the increase in population
from 1987 and 1991 is estimated to be 35.56% due to a recession where no
growth is expected between 1989 and 1991. The growth rate from 1987 to 1991
is estimated to be 35.56%. This growth rate is applied to the emission
estimates for 1987 to estimate the 1991 emissions for off-road four-wheel
drive vehicles.

TEMPORAL INFORMATION

Most of the annual activity for snowmobiles occurs during'the winter and the
spring seasons. The weekly activity is uniform on weekdays, but_about twice
-as high on weekends. Daily activity occurs during the daylight hours.

The annual activity for four-wheel drive vehicles occurs year round. The

| weekly activity is uniform on weekdays, but about twice as high on weekends.
Daily activity occurs during the daylight hours. (These tempora] activities
are standard for recreational type act7v1t1es) '

ASSUMPTIONS

1. -~ The ratio of the actual number of four-wheel drive veh1c1es 1n use to
the number registered is 5.81 to 1 (Reference 2).

2. Four-wheel drive vehicles are used primarily within the county in whlch
the vehicle is registered. Th1s is an ARB staff assumption. '

3. The four-wheel drive vehicle population can be grown by the increase in
population from 1987 to 1989 according to DMV and extrapolated to 199].
This poputation growth factor can be used to grow the emissions from
1987 to 1991 assuming no growth between 1989 and 1991 due to recession.
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4, The entire population of snowmobiles in the state of California is
estimated at 13,000 units 6 ard this estimate is used in this report
{There are 8,532 units registered with the California Department of .
Motor Vehicles? (DMV) ).

5. The faur-wheel drive velricles are not estimated for the San Francisco
air basin, since the Bay Area Air Quality Management District (BAAQMD)
estimates these emissions.

CHANGES IN METHODOLOGY

Four-wheel drive vehicle emissions were grows by vehicle population
increase. ISIA provided emission factors for TOG, NOx, and CO.

DIFFERERCES BETWEEN 1987 AND 1990 EMISSION ESTIMATES

0ff-road four-wheel drive emissions have increased by 36% from 1987 te 1990
due to the increase in vehicle population. The snowmobile emission
estimates have increased by a large amount due to the new emission factors
and population estimates. '

RECOMMENDAT 10NS

A new survey of off-road four-wheel drive vehicles needs to be completed.
The current method of extrapolating on-road four wheel drive vehicle
population to off-road use is a poor way to grow the emissions. The old
emission factors were completed in 1977 and have been applied to the DMV
activity data until 1996@.
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SAMPLE CALCULATIONS
EMISSIONS ESTIMATES
For‘the_State of California:
Snowmobi les:
6

Snowmobile population = 13,000 units in California

TOG (13,000 units)){98 hours/unit)(.75 Toad)(54 HP)(205.2 g/BHP-hr)
/(453.7 g/1b x 20001b/ton) = 11,667.7 ton/yr

€O (13, 000 units) (98 hours/unit) (.75 load) (54 HP)({564 g/BHP -hr)
/(453.7 g/1b x 20001b/ton) 32,069.0 ton/yr

NOx (13,000 units){98 hours/unlt)( 75 load) (54 HP)(IO 8 g/BHP-hr)
/(453.7 g/1b x 20001b/ton) 614.1 ton/yr :

SOx (13,000 units)(98 hours/unit)(.75 10ad)(54 HP) (0. 006 g/BHP hr)
/{(453.7 9/1b x 20001b/ton) = 0.3 ton/yr

PM {13,000 units) (98 hours/un1t)( 75 ]oad)(54 HP) (0.2 g/BHP hr)
/{453.7 g/1b x 20001b/t0n) 1l.4 ton/yr _

Calculation of process rate (1000 gallons burned):

(13,000 units)(32.63 ga]]ons/un1t)/1000 (gallons/1000 ga]]ons)
= 424 (1000 ga]lons) :

8.5-7



Four-Wheel Drive Vehicles:

£} Dorado County gasoline consumption

= (1987 registered four-wheel -drives in .County) x {correction 'fac-tor'z)
X {fuel use -factor)

= 262 vehicles x 5.81 x 105.46 gallons/vehicle-year
= 160.53 x 103 gallons/year
1987 TOG ‘emissions
= F60.53 x 10° gallons/year x 110 Tb/10° gallons / 2000 1b/ton
=:8/83 tons/year

1989 TOG ‘emissions

(1987 TOG emissions) x -(growth factor .of 1.3556)

:8.83 tons/year x '1.3556

11.97 tons/year

DEFINTTION OF TERMS

ISIA - ‘International Snowmobile Industry Association
ARB - ‘Air Resources Board

DMV - Bepartment of ‘Motor Vehicles

PSR - Power Systems Research

8.5-8

]



REFERENCES

Department of Motor Vehicles, Off-Highway Vehicles Currently
Reqgistered, Annual Reports dated 10/27/89 and 10/30/87, DMV Budget
Forecasting Unit.

Tyler Research Associates, A Stddv to Determine the Number of Off-
Highway Vehicles for the Purpose of Determining Fuel Tax Paid by Off-
Highway Vehicles, prepared for the California Department of
Transportation, Project #95229 (February 1978).

University of California Cooperative Extension, Recreational

Snowmobiling, Davis, California (February 1977).

International Snoﬁmobi]e Industry Association, Comments on the
California Air Resources Board Mail Out # 90-70.

Booz-Alien & Hamilton, Inc Off- Road Mobile Equipment Emission
Inventorv Estimate, Draft January 1992. '

Power System Research,'(phone conversation).

- Air Resources Board, Methods for Asseﬁsinq Area Source Emissions in

California, September 1991.

PREPARED BY

ROBERT WELLER
“APRIL 1994
D20143

8.5-9



WO

B §§ ‘2 ﬁ

2.
¥ 8
N

1,
5»
1,

~N

$292 H2p 823 £39R3 Maskatahd

IEE RN

32823988 248B 3 252 XBES 283 9% S3LBR SRLEBENER 33 B 233! EAM

LN

MR w

("]
EENK)

TR

-
hJ
IR RN ER XN .

o
£
o

:§.I.
.'ICI .
2 888 Y288 -3y 3%

w
:
$

“r e s

*

-

-

IR REERLER)

P w0oconrs oo © 000 weOo DoY Cop NGOG Dhbwirdinh NG o

AR R
AN

X ek T &

25 11,667,260 32,069.3% 614.20 .18 12,

FRACTION OF REACTIVE ORGAMIC GASES (FROG): .9676
(REACTIVE ORGANIC GASES (ROS) EMISSIONS = TOG X FROG)
FRACTION OFf PHIO (FRPIM1IO)}: .9940
(PH10 EMISSIONS = PM X FRPMIOD)

8.5-10




TABLE -II
1990 AREA SOURCE EMISSIONS -

s

PROCESS RATE UNIT: 1000 GALLONS BURNED
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TOTAL* FOR 54411

FRACTIG( OF REACTIVE ORGANIC SASES (FROG): .9676
(REACTIVE ORGAMNIC GASES (ROG} EMISSIONS = TOG 3( FROG)
FRACTION Of PM10 (FRPM10): .9940
{PM10 EMISSIONS = PM X FRPM1G)
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